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Abstract 
 
A Generalized Frequency Division Multiplexing (GFDM) system 

performance is analyzed over various equalization techniques. The fifth 

generation cellular systems demand to accommodate large number of smart 
devices with low latency and significant data requirements. One such 

promising approach is GFDM, a non-orthogonal waveform candidate which 

can pose flexible pulse shaping of subcarriers that benefits high spectral 

efficiency and low out of band emission. The GFDM performance is 
analyzed for OQAM modulation technique over AWGN channel with root 

raised cosine pulse shaping that reduces out of band emissions but 

additionally introduces inter carrier and inter symbol interferences. To reduce 
the impact of the interferences, the channel equalization is performed with 

minimum mean square error, zero forcing and match filter equalizers. The 

resultant bit error rate performance of GFDM with root raised cosine pulse 
shaping is significant and effective as orthogonal modulation scheme with 

minimum mean square error equalizer.  
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1 Introduction 
 
 The cellular communication system has turn out to be an important one 

for present day life style of the society. The first generation cellular systems 

offered simple pioneering voice communication of analog nature. The 
communication began mobile and delicate instead of specified place and 

public. The second generation cellular systems improved the quality of voice 

communication of digital nature. It also brought in the short message and 
data services along with increased quality of services, system capacity and 

battery life of devices. The third generation cellular systems provided internet 

access to mobile with data rates nearby wired solutions at that time. It 

provided enhanced data speeds with more mobility. The revolution of smart 
phones configured with high definition screens and cameras provides huge 

memory and processing abilities collectively with social networks that made 

the consumers content providers rather than media users. It has driven the 
fourth generation cellular communications towards further increased through 

put with data rates of 100Mbps+ [1].  

 The prime development for fifth generation systems are due to large data 

hungry needs in many applications[2-4].The evolution of the mobile 
communications is broadly driven by spectrum efficiency (more number of 

bits/Hz) and better data rates intended for data hungry applications like high 

definition videos and 3D videos. The wireless regional area networks also 
demand to extend over broad areas to afford internet connection in sparsely 

inhabited. The future cellular systems should have flexibility in physical layer 

to handle various situations. The arrival of the fifth generation system 
searches for integration of internet of thing devices with mobile networks, 

ultra low latency, and higher order data rates in the order of 100Gbps with a 

1ms latency requirements for the individual devices. The situations for 

upcoming fifth generation cellular systems will demands a high flexibility 
from the physical layer. Tactile Internet would plea latencies with atleast one 

order of magnitude lesser compared to that attained in fourth generation. The 

machine type communications will demand utilization of low power, which 
leads to drawback orthogonality variations among subcarriers [5-7]. The 

recent wireless competent technique, Orthogonal Frequency Division 

Multiplexing (OFDM) has limitations like sensitive to inter carrier 
interference and high out of band emission [8]. Also, the cyclic prefix is not 

effective in the aspect of spectrum usage. It is unsuccessful when the 

dissemination of delay within the channel is longer compared to the cyclic 

prefix that would have the effect of inter symbol interference [9]. At the 
transmitter side, rectangular pulse shaping is used which directs to out of 

band emission. So it may not be best solution to future cellular systems. 

 The alternative solution is futuristic multicarrier modulation technique 
that permits various pulse shaping filters. One among the filtered multicarrier 

10006



 
 

 

 

 
 

 

 
 

                  Bit Error Rate Analysis of Generalized Frequency Division Multiplexing Using 

Different Equalizers 

 

 

investigative physical layer technique is called GFDM. To attain energy and 
spectrum efficiency, the GFDM executes the effective adoption of pulse 

shaping on time and frequency. Every symbol is passing over pulse shaping 

filter. The length of pulse shaping filter is equal to four times the symbol 
length (here symbol refers to a pulse in digital baseband transmission) [10]. 

The limited bandwidth of subcarriers leads to longer impulse response of the 

transmitting filter. This results in good spectral efficiency only when the 
transmitted symbols number is large. The spectral efficiency is nothing but 

the information rate transmitted on a certain bandwidth. The entire length of 

block (means N number of symbols passing in time T) is equal to length of 

CP plus the symbols. GFDM is the most flexible digital multicarrier 
technique. It can attain better spectrum efficiency must benefit virtual 

subcarriers to inter carrier interference. The GFDM have KM samples 

(number of subcarriers (K)number of subsymbols (M)). This is appropriate 

for low latency and also for loose time synchronization. In GFDM for the 
entire block of KM symbols only one cyclic prefix is used which improve the 

spectral efficiency. It has the adaptableness of synchronization algorithms of 

OFDM [11]. The GFDM comes under a generalized form of OFDM. This is 

one among the closest solution of all. In this method, a symbol comprised of 
several subcarriers and subsymbols for a data block to be transmitted, in 

which every subcarrier is pulse shaped. The various pulse shapes may 

possibly be used that shows a unique level of freedom to the system. 
 In comparison to OFDM, the GFDM offers a lower peak to power 

average, an extreme low out of band emission and different CP insertion. 

GFDM is an effective choice for white space accumulation and heavy 
fragmented spectrum regions and it permits frequency and time domain 

multiuser scheduling like OFDM. The influence of emission can be reduced 

and the system flexibility can be improved significantly in GFDM system by 

utilizing pulse shaping filter. Besides, less number of cyclic prefix usage in 
GFDM, the spectral efficiency is improved [12-13]. The GFDM be able to 

well incorporate the spectrum like filter bank multicarrier. The GFDM can 

add different types of cyclic prefix and pulse shaping based on the type of 
services and applications. While passing the subcarriers of GFDM through 

the effective pulse shaping filter, it circularly convolve in frequency and time 

domain that lowers the band leakage. On the other hand, to improve the 

quality of wireless transmission and to eliminate the band emission, the 
GFDM technology sacrifices the Bit Error Rate (BER) and the inter carrier 

interference [14 -15]. The recent researches on the GFDM technology focus 

on enhancing the BER performance and reducing the computational 
complexity. The subcarrier filtering reduces out of band emanations, 

additionally may introduce inter carrier and inter symbol interference. Hence, 

to enhance the performance of BER, receiving equalization techniques are 
investigated along with Root Raised Cosine (RRC) pulse shaping. 
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2 Principle of GFDM 
 
 The GFDM is a loosely synchronous and non orthogonal multicarrier 

modulation scheme, where every block consists of K subcarriers and M 

subsymbols. Its principle is to transmit multiple symbols and multicarrier 
with two dimensional frequency/time block structure. A pulse shape filter is 

used to get a block structure with each individual subcarrier convoluted 

circularly. For better control of spectral leakage, the time windowing 
techniques are applied. The pulse shaping filters of different types can be 

used to remove the orthogonality right through the subcarriers. The 

advantages of GFDM are a simple transmitter design and less complexity in 

the received signal processing. In addition to the advantages mentioned, some 
of the signal processing can be shifted to base stations so that the power 

consumption at mobile handsets is minimized.  

 The OFDM-QAM with time-frequency localization is an issue for the 
high spectral efficient signal [16]. Offset QAM based OFDM has been 

identified as one such technique to overcome the time-frequency localization 

issue [17]. For achieving high data rates, GFDM is a better choice and in this 

paper GFDM/OQAM is used as instead of GFDM/QAM, to overcome the 
above mentioned issue [18]. GFDM/OQAM system is very similar to GFDM 

system with two changes. The first change is use the mapping of QAM, 

subsequently shifting the K/2 samples (offset) in the time domain between 
inphase and quadrature components of QAM mapped data. The resultant 

OQAM mapping along with a well planned pulse shaping filter reduces inter 

carrier interference and inter symbol interference. The other one is achieving 
better spectral efficiency with pulse shaped orthogonal filters which is a key 

challenge for fifth generation communications. 

 
3 GFDM Frame Structure 
 

 The frame structure includes cyclic prefix allowing block equalization at 
the receiver like OFDM. However, GFDM isn’t same as OFDM in that there 

are multiple time slots in a GFDM symbol, whereas there is only one time 

slot in OFDM. An OFDM frame comprising of three OFDM symbols and a 
GFDM frame comprising of M= 3 time slots along with K subcarriers is 

shown in Figure 1 in which, three consecutive OFDM symbols with K 

subcarriers and M=3 time slots is transmitted. Equal number of data symbols 
is transmitted as a single GFDM symbol or a GFDM frame. Since, there is a 

cyclic prefix overhead for every OFDM symbol, 3 cyclic prefixes have to be 

transmitted in OFDM, while only one cyclic prefix is sufficient for GFDM. 

Therefore GFDM is spectrally efficient than OFDM. Also it is feasible to 
increase the subcarrier number of OFDM to KM retaining the same 

bandwidth. This can bring about longer OFDM symbol in time having equal 

P. Vimala et. al. 10008



 
 

 

 

 
 

 

 

                  

 

 

duration as a GFDM symbol that places KM subcarriers into the same 
bandwidth. In this case the OFDM and GFDM have same spectral 

efficiencies. 

 

 
Figure 1. Three Consecutive OFDM Symbols and GFDM Frame Structure with K 

Subcarriers 
  

4 Results and Discussion 
 
 The block diagram shown in Figure 2 is a GFDM based transceiver. The 

binary data sequence produced from the binary data source is mapped using 

an appropriate digital modulation technique e.g. OQAM, the bits are mapped 
to symbols that belong to a set of 2l valued complex constellation points 

where l denotes number of bits/symbol otherwise called as order of 

modulation.  
 

 
Figure 2. GFDM Transceiver Block Diagram 

 The resultant vector d= (d0T,d1T . . . , dM−1T)T represents a data block 

containing N total number  of symbols with each dm= (d0,m,d1,m, . . , 
dK−1,m)T. The individual element dk,m relates to the data transmitted in the 

mth subsymbol on the kth subcarrier of the block composed of K subcarriers 

and M subsymbols (N=KM ).The organization of the individual elements in 
one data block on a time frequency grid is illustrated in Figure 3, where B 

represents available channel bandwidth (divide as K subcarriers) and T 

represents time period of single GFDM data block. As depicted before, the 
element dk,m signifies the mth information symbol transmitted on the kth 

subcarrier of the block. The KM elements of vector dare organized in a grid. 
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Figure 3 typically illustrates 12 elements as a whole fragment into M = 3 

subsymbols and K = 4subcarriers. 

 
Figure 3.Time and Frequency Partitioning of Data 

 
 The stepwise operations of GFDM modulator and demodulator block of 

Figure 2 are elaborated in Figure 4. The GFDM modulator comprises of 

serial to parallel converter to generate data vector, followed by prototype 
filter, in which shaping of transmit signal is achieved. Then all signals are 

modulated to individual subcarriers and added to form a whole GFDM signal. 

Insertion of cyclic prefix takes place to reduce the impairment on the wireless 
channel. 

 

 
Figure 4. GFDM Modulator and Demodulator 

 
 The shaping of transmission pulse using an proper pulse shaping filter 

like Gaussian filter, sinc filter, or raised cosine filter can control inter symbol 

interference. The individual carriers in GFDM are nonorthogonal so the pulse 
shaping and modulation are done separately. The Root Raised Cosine 

(RRC)pulse shaping filter is used. The RRC filter frequency response has 

total attenuation at high frequencies, unit gain at low frequencies, but in the 
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middle frequencies, the response is square root of raised cosine function. It 

can view from Figure 5 that as   get increased, the width of the pulse gets 

decreased. For  =0 (special case), the response is similar to a Nyquist filter 

i.e. sinc pulses in (πt│Ts) ⁄ (πt│Ts) [19-21]. Proposed a secured cloud storage 

auditing with empirical with empirical outsourcing of key updates. 

 Implemented an empirical outsourcing key based security in the cloud 

environment for the purpose of auditing. Implemented techniques to verify 
the MAC address in the dynamic network environment [22] 

 
Figure 5. Response of Root Raised Cosine Pulse for Various  Values 

  

 By positioning of every transmit symbols, x= (x[n])T transmit samples 
are attained  
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where n=0,1,…., N-1              

 The vector gk,m= (gk,m[n])T represents the filter samples collection that 

permits to express as (1) as 

dAx                                               (2) 
 where A denotes transmitter matrix of size KM×KM [21-22], which are 

organized as given below 

)......(
1,11,00,10,0

gggg
MKK

A


                          (3) 

 The x comprises the transmit samples which relates to data block d of 

GFDM. Towards the end of transmitter side NCP samples denoting CP is 

added. The GFDM symbol transmission over a wireless channel takes place 
and the corresponding received symbol y is given by 

wHxy                               (4) 

 where H represents the channel matrix N+ NCP + Nch– 1 by N+ NCP 
convolution matrix of band diagonal structure based on a channel impulse 

response h= (h0, . . . , hNch−1)T of length Nch, finally, w-CN(0, 

σ2wIN+NCP+Nch−1) represents Additive White Gaussian Noise (AWGN). 

Towards the receiver side initially cyclic prefix is removed. H is the N×N 
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matrix that represents relative circular convolution matrix. The complete 

transceiver equation is given as  

wHAdy                                                                                (5) 

 Also be written as 

wAdwHHAdHyeq   11                      (6) 

 after equalization process, linear demodulated signal is given by 

y
eq

Bd 


                               (7) 

 where B denotes KM×KM receiver matrix. The effect of fading channel 

is eliminated at the receiver side by using appropriate equalizer methods. The 

equalization is a reversal of distortion occurred when signal passes over the 

channel. There are several techniques which can be implemented to get the 
signal back. In this work, the methods used are Minimum Mean Square Error 

Equalization (MMSE), Zero Forcing (ZF) and Matched Filter (MF) 

equalization. Then demapping is done to reverse the symbol mapping, used 
at transmitting side. A comparison is made between the original data bits at 

the transmitter to find the error rate performance. 

 
5 Results and Discussion 
 

 The GFDM with OQAM using different equalizers is simulated over 
AWGN channel for the input parameters given in Table I. The simulations in 

this work have been performed using MATLAB environment with system 

objects programming paradigm shown in Figure 6. 
 

Table 1. Simulation Parameters 

PARAMETERS VALUE 

Mapping 16-OQAM 

Filter Type Root Raised Cosine 

Roll off Factor(β) 0.5 

No. of Subcarrier (K) 100 

No. of Subsymbols (M) 9 

Samples / Data Block (N=KM) 900 

 

 The result shows the BER performance of GFDM with OQAM digital 

modulation techniques using various equalizers and transmitted over AWGN 
channel. Figure6 shows the reduction of error by using three different 

equalizers are MMSE, ZF and MF in the receiver side. The simulation result 

shows that larger portion of interferences is removed by ZF equalizer; 

however in the high SNR region it also shows some residual degradation in 
the performance. Though the MF equalizer gives best results at low SNR, ZF 

equalizer is bettered at higher SNR and the MMSE equalizer performs best in 
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GFDM. The best performance is given by MMSE and converges is as 
expected towards the ZF performance for high SNR and towards the MF 

performance for low SNR region. 

 
Figure 6. BER Performance of GFDM using Different Equalizers 

 

5 Conclusıon 
 
 The GFDM utilizes pulse shaping on a per subcarrier base. There is a 

tradeoff between noise enhancement and out of band emission of its pulse 

shaping filter. The GFDM-16OQAMsystem with root raised cosine pulse 
shaping is analyzed and implemented over AWGN channel with various 

equalization techniques. The simulation results reveals improved BER 

performance with MMSE equalizer for GFDM-OQAM system with root 
raised square pulse shaping. 
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